Abstract-Body composition and metabolism may change considerably after traumatic amputation because of muscle atrophy and an increase in adiposity. The purpose of this study was to quantify changes in weight, body composition, and metabolic rate during the first year following traumatic amputation in military servicemembers. Servicemembers without amputation were included for comparison. Participants were measured within the first 12 wk after amputation (baseline) and at 6, 9, and 12 mo after amputation. Muscle mass, fat mass, weight, and metabolic rate were measured at each time point. There was a significant increase in weight and body mass index in the unilateral group between baseline and all follow-up visits (p < 0.01). Over the 12 mo period, total fat mass and trunk fat mass increased in both unilateral and bilateral groups; however, these changes were not statistically significant over time. Muscle mass increased in both the unilateral and bilateral groups despite percent of lean mass decreasing. No changes in resting metabolism or walking energy expenditure were observed in any group. The results of this study conclude that weight significantly increased because of an increase in both fat mass and muscle mass in the first year following unilateral and bilateral amputation.
INTRODUCTION
From 2001 to July 2011, more than 1,200 U.S. military servicemembers experienced major lower-limb amputations while engaged in Operation Iraqi Freedom, Operation Enduring Freedom, and Operation New Dawn [1] . The injury itself, as well as muscle atrophy, leads to loss of lean body mass [2] . However, metabolic changes during physiologic stress, medications, and change in energy intake may lead to increased fat deposition and further loss of lean body mass [3] [4] . Understanding metabolic and body composition changes during the first year after amputation is essential to design and tailor treatment plans, which may improve anthropometric and functional outcomes and build awareness for the individual with amputation.
There are limited data on body composition changes in the first year after traumatic amputation, especially in military populations. Muscle atrophy is commonly seen in the amputated limb [5] [6] [7] [8] [9] , which may be due to decreased use of the muscle tissue [4] , as well as reduced muscle fiber size [5] . The level of amputation is a significant factor in the severity of muscle atrophy [7, 10] . Additionally, diminished muscle strength typically occurs after amputation [4, [10] [11] [12] [13] , which influences the function of the residual limb and prosthesis [5] and complicates the ability to perform daily activities [12] .
Loss of muscle mass jeopardizes healing by promoting catabolism [14] . Acute loss of only 5 percent muscle mass results in organ dysfunction, whereas an acute 20 percent loss of muscle mass may result in organ failure and death [15] . Loss of muscle mass may also affect wound healing, ability to participate in therapy, and length of recovery. However, it is unclear whether the initial loss from amputation or accumulated losses from muscle atrophy over time have a greater effect on overall health and rehabilitation. Consequently, it is of utmost importance to prevent muscle atrophy through early interventions [12] .
Although it is common for muscle mass to decrease after amputation, fat mass may increase [6, 16] . In previous research, thigh fat percent was significantly higher in the amputated thigh following transfemoral and transtibial amputations compared with the intact limb [6] . Also, increases in subcutaneous fat after lower-limb amputation appear to be the main cause of obesity progression [16] . Excess fat mass may affect the fit of a prosthesis and may additionally impinge on mobility [16] [17] .
Metabolic changes during critical illness and trauma are well understood in the initial stress response and wound healing phases. In the initial stress response, increases in basal metabolic rate and protein catabolism are the hallmark effects of the hormonal response to physiologic stress [18] [19] [20] . During inflammation and wound healing, energy needs may increase by 30 to 50 percent [21] . In addition, prolonged protein catabolism can lead to significant losses of lean body mass, primarily from skeletal muscle [20] . Metabolic rate typically returns to a preinjury level as wound healing progresses, but metabolic changes in individuals with amputations undergoing long-term rehabilitation and multiple surgical interventions has not been previously studied [20] .
Previous research on body composition in individuals with amputations may not be applicable to today's population of Active Duty servicemembers recovering from amputations. Much of the existing data on changes in body composition are based on nontraumatic amputations that occurred from dysvascular causes and include a broad age spectrum [4] [5] [10] [11] 16] . The purpose of this research study was to quantify weight, muscle mass, fat mass, and metabolic changes during the first year following traumatic amputation in servicemembers. We hypothesized that muscle mass would decrease and fat mass would increase in the first year after amputation. In addition, we hypothesized that metabolic rate would decrease in the first 6 mo after amputation, followed by no change from 6 to 12 mo.
METHODS

Design
In this case-control, repeated-measures study, data on body composition and metabolic changes were collected from participants with and without unilateral and bilateral lower-limb traumatic amputation. The study was approved by the Institutional Review Board at Walter Reed Army Medical Center (WRAMC) in Washington, DC. All participants provided written, informed consent according to the guidelines of the Department of Clinical Investigation at WRAMC.
Participants
Between 2008 and 2011, U.S. military servicemembers with unilateral and bilateral lower-limb traumatic amputation and age-and sex-matched controls participated in this research study. The participants with amputation were recruited by convenience sampling within 12 wk after amputation upon admission to the medical center. Military servicemembers without amputation were recruited through word of mouth. Female control participants were recruited, as needed, to match females with amputations in a 1:1 ratio.
Inclusion criteria included male and female Active Duty servicemembers, aged 18 yr and older. Servicemembers with amputation were included if they had lowerlimb amputation as a result of trauma. Exclusion criteria included pregnancy, nontrauma-related amputation (i.e., vascular or osteosarcoma amputation), upper-limb amputation, and traumatic brain injury severe enough to affect the ability to follow commands or provide consent.
Procedure
The study included four scheduled visits for all participants: baseline, 6 mo, 9 mo, and 12 mo following amputation. Baseline visits for unilateral and bilateral participants were conducted within 12 wk after amputation. Follow-up visits occurred 6, 9, and 12 mo after amputation for unilateral and bilateral participants and after baseline visit for control participants. At the initial visit, participants provided background information such as birth date, race, height and weight before amputation, date of injury, and date and level of amputation. At all visits, weight, body composition, heart rate, and resting metabolic rate were assessed. Additionally, heart rate and energy expenditure during ambulation were measured at 6, 9, and 12 mo.
Instrumentation
Anthropometric measurements included height, weight, and body mass index (BMI). Stated height from the last official military measurement was obtained from each participant and recorded to the nearest half inch [22] [23] [24] . Weight was measured to the nearest 0.1 kg using a digital scale (Seca; Hamburg, Germany) in a standing position. Weight was measured without prosthesis, if possible, or the prosthesis was weighed separately and subtracted from the total weight. Pre-amputation weight was self-reported. Assumed weight at time of amputation was calculated using the following equation: AW = PW -(PW × P), where AW is the assumed weight at time of amputation, PW is the pre-amputation weight, and P represents the proportion of total body weight represented by the missing limb segments [25] . The proportion of the remaining segment, thigh or shank, was estimated by measuring the lengths of the residual limb femur or tibia, respectively, on the dual-energy X-ray absorptiometry (DXA) scan and comparing it with the intact bone. For bilateral participants, self-reported height prior to amputation was used to estimate thigh and/or shank length using previously reported average percentages of height for males.
Adjusted weight was calculated using the following equation: Wt E = Wt 0 / (1 -P), where Wt E is an estimate of the total body weight, Wt 0 is the observed body weight, and P again represents the proportion of total body weight represented by the missing limb segments [26] . BMI was calculated using the standard equation: weight (kilograms)/height (meters squared). Adjusted weight was used to calculate BMI for participants with amputations.
Whole body composition (muscle mass and fat mass) was measured using a linear fan beam DXA (Windows XP version software, Hologic, DISCOVERY-Wi; Bedford, Massachusetts). The scan measurements and analyses were conducted following standard procedures, to include the wear of lightweight clothing. Calibration took place in accordance with manufacturer specifications. Scans were performed by trained research personnel, and every scan was reviewed for quality control by the laboratory director. The specific regions evaluated and used in the statistical analyses were trunk fat mass, trunk fat percent, total fat mass, total fat percent, and total muscle mass. DXA scans are valid and reliable for assessing body composition changes [27] [28] [29] .
Oxygen uptake, heart rate, and energy expenditure were measured using the Oxycon Mobile metabolic analysis system (Viasys; Yorba Linda, California). Oxycon Mobile accuracy for both carbon dioxide output and oxygen consumption (VO 2 ) is within 3 percent and validated against the Douglas Bag method [30] [31] . VO 2 and heart rate were measured on a breath by breath cycle using the Oxycon Mobile metabolic analysis system and a Polar heart rate chest strap (Polar Electro Inc; Lake Success, New York). Data from the Oxycon Mobile unit were collected continuously. For the walking metabolic analysis, the following data points were evaluated: (1) the rest period of 5 min prior to walking to identify resting, baseline metabolic levels and heart rate; (2) after approximately 10 min of walking at a self-selected pace on an indoor track to capture steady-state VO 2 and heart rate; and (3) 5 min after the bout of walking has been completed, as the participant returned to baseline. Walking time for the collections was based on when the participant was able to achieve steady-state VO 2 and maintain it for at least 2 min. VO 2 values were observed in real-time, so participants were stopped prior to the 10 min period if a 2 min period of steady-state consumption was captured prior to this time.
Data Analysis
Descriptive statistics were generated using PASW Statistics 18 (IBM Corporation; Armonk, New York). The estimated marginal mean was chosen as the measure of central tendency to adjust for unequal group size with missing data. Generalized estimating equations were used to analyze changes over time in body composition and metabolism. Analyses included GROUP (control, unilateral, bilateral) and VISIT (1, 2, 3, 4) as main effects and the interaction GROUP × VISIT. Control participants were included in this study to demonstrate normal variations in body composition and metabolism at the time in question. Pairwise comparisons were completed using Bonferroni correction for multiple comparisons. A sample size of 24 was needed to yield statistical power of greater than 80 percent. Effect size was set at 1.5 to detect a significant difference in body fat percent. Differences were considered significant at p < 0.05.
RESULTS
Forty-nine participants enrolled in this study (20 unilateral, 14 bilateral, and 15 control). The 31 participants (10 unilateral, 10 bilateral, and 11 control) who completed at least two visits were included in data analyses. One subject had a delayed amputation and was excluded from analyses when it was discovered that between his injury and amputation his weight increased nearly 45 kg. One female, unilateral participant was lost to follow-up; thus, sex-matched control data were also excluded from analysis. The remaining 16 participants were lost to follow-up or moved out of the area and could not complete study visits. Physical characteristics of all participants are listed in Table 1 . There were no significant differences between groups at baseline.
Adjusted weight and BMI changes for all participants are listed in Table 2 . Body composition changes for all participants are listed in Table 3 . Weight, adjusted weight, BMI, total fat mass, total fat percent, trunk fat percent, and total lean mass all changed significantly by visit for all participants combined (p < 0.01). There was a significant weight gain in the unilateral group from baseline to 12 mo of 7.4 kg (p = 0.001). There was a significant increase in adjusted weight of 9.4 kg (p = 0.01) from baseline to 9 mo in the bilateral group.
Total fat mass peaked at 9 mo following amputation for the unilateral group, with an increase of 3.6 kg from baseline (p = 0.02). Total lean mass also increased significantly at 9 mo with a change of 3.6 kg from baseline (p = 0.002). No further change was observed between 9 and 12 mo. No significant changes were observed in weight, BMI, or total body fat for the control group.
Metabolic changes, heart rate, and walking speed for all participants are listed in Table 4 . Resting energy expenditure, resting heart rate, walking heart rate, and walking speed changed significantly by visit for all participants combined (p < 0.05). Resting heart rate, walking energy expenditure, walking heart rate, and walking speed changed significantly by group across visits (p < 0.05). The control group displayed significantly lower resting heart rates and walking energy expenditure than the bilateral group (p = 0.007), but there was no difference between the control group and unilateral group (p = 0.21) or between the amputation groups (p > 0.99). Walking heart rate and walking speed were significantly different between the bilateral group and both the control and unilateral group (p  0.001), but there was no difference between the control and unilateral groups (p = 0.08). There were visits for any group. Resting heart rate, in the unilateral group, decreased significantly from baseline at 6 mo (p = 0.03) and 12 mo (p < 0.001). There were no significant changes in resting heart rate in the bilateral group. However, walking heart rate increased significantly between 6 and 9 mo (p = 0.007) and decreased significantly between 9 and 12 mo (p = 0.002) in this group. No significant changes in walking heart rate were observed in the unilateral group. There were no significant changes in walking energy expenditure for any group. As observed in the body composition measures, control group participants did not significantly change their resting or walking energy expenditure or heart rate across the year. Walking speed was significantly higher in the control and unilateral groups, across all visits, than in the bilateral group (p < 0.001). Walking speed increased significantly in the bilateral group from 6 mo to 9 mo (p < 0.001) and from 9 mo to 12 mo (p < 0.001). No significant changes in walking speed were observed in the control or unilateral groups.
DISCUSSION
To our knowledge, this study is the first to assess and quantify body composition and metabolic changes during the first year after amputation. As expected, weight increased in both unilateral and bilateral groups. Contrary to our hypothesis, fat mass did not significantly increase over the year observational period, and a statistically significant increase in lean mass was observed in the unilateral group; however, lean mass percent did not parallel these changes. Percent lean mass did not increase, likely because of overall weight gain and increases in fat mass from baseline to 9 mo in the unilateral group. Additionally, no change was observed in resting metabolic rate, differing from our original hypothesis.
The significant increase in weight and lean mass between baseline and 12 mo postamputation may represent healing and successful rehabilitation. Both study groups with amputation participated in regular therapy, which typically consisted of at least 1 h of physical therapy and 1 h of occupational therapy 5 d/wk; however, overall time in therapy was not tracked during the study period. Research demonstrates that even a moderate amount of resistance exercises performed every few days is sufficient to counteract muscle mass loss [32] . Several previous studies report loss of lean body mass following amputation [4] [5] [6] [7] [8] [11] [12] . In a recent study, Sherk et al. found significantly decreased muscle mass (p < 0.01) in the amputated limb compared with the intact limb in 12 participants with unilateral amputation [6] . Additionally, in a study of 10 participants with unilateral amputation, Renström et al. identified atrophy in Table 4 . Metabolic changes over first 12 mo after amputation.
Baseline
Note: Data are estimated marginal mean ± standard error. Walking EE and HR not measured at baseline visit. * Significant difference VISIT main effect for all subjects, p < 0.05. † Significant difference GROUP main effect for all subjects, p < 0.05. ‡ Different from baseline, p < 0.05. § Different from 6 mo, p < 0.05. ¶ Different from 9 mo, p < 0.01. bpm = beats per minute, EE = energy expenditure, HR = heart rate, N/A = not applicable, REE = resting energy expenditure.
8 of 10 amputated limbs and in 7 of 9 intact limbs [5] .
It is important to note that the aforementioned studies occurred between 2 and 15 yr after many of the participants' amputations and the mean age of participants was 50 yr, which may make the results less comparable to our study. Significant increase in fat mass occurred in the first 9 mo postamputation in the unilateral group. Additionally, there was a clinically significant, but not statistically significant, weight gain of 14.5 kg from baseline to 12 mo in the bilateral group. Increases in fat mass have been noted in previous research of individuals with amputations. In a long-term follow-up study of 327 individuals with bilateral traumatic amputation, Shahriar et al. observed abdominal obesity in 82.5 percent of the study sample [33] . Despite the lack of significant increases of total fat and trunk fat in both the unilateral and bilateral groups, there may be clinically significant changes related to total fat percent and trunk fat. According to Gallagher et al., normal body fat for males aged 20 to 39 yr is between 8.0 and 19.9 percent [34] . At 12 mo postamputation, total body fat was equal to 20.9 ± 1.9 percent and 22.5 ± 3.0 percent in the unilateral and bilateral groups, respectively. Based on these results, both groups would be categorized as high body fat or overweight. In addition, significant changes in BMI were only noted in the unilateral group, but both groups changed from normal BMI (18.5-24.9 ) at baseline to overweight (25.0-29.9 ) at 12 mo postamputation [34] . Furthermore, both groups exceeded their pre-injury BMI by 6 mo postamputation.
Our results may be clinically significant because of long-term risks of metabolic syndrome and cardiovascular disease caused by excess adiposity [16, 35] . Ito et al. concluded that trunk fat mass of 8 kg for males and 9 kg for females were the cut-off points to detect cardiovascular risk factors [36] . Accordingly, the results of our study population with amputation, which indicated 8.2 kg (unilateral) and 10.8 kg (bilateral) of trunk fat mass at 12 mo postamputation, exceed these values. In addition to future health risk, it is critical to moderate fat mass gain after amputation, considering that excess body fat leads to poor performance both physically and physiologically and may affect fit and function of prostheses [17, [37] [38] [39] . Possible explanations for the notable increase in fat mass may be related to increased medications such as pain and psychotropic medications; unhealthy eating habits, which included increased calories, low-nutrient dense foods, and alcohol intake; changes in physical activity from before the injury; lack of nutrition education; or psychological issues [32, 40] . However, data were not collected in this study to address these concerns. All participants received standard of care nutrition assessments and interventions, as needed, during inpatient hospitalization, but additional study-specific outpatient nutrition education was not included as part of this study since the intent was to observe body composition changes.
No change in resting metabolic rate was observed in either study group or the control group. As described in previous research, initial increases in metabolic rate in response to inflammation and physiological stress taper to pre-injury levels within 2 wk of injury or surgery [20] . In this study population, baseline data were collected within 12 wk of amputation, likely after return of the metabolic rate to normal levels. In addition, lean body mass was maintained in both the unilateral and bilateral group, limiting the effect of changes in body composition on metabolism. A significant decrease was observed in the resting heart rate for the unilateral group at the 6 and 9 mo time points compared with baseline. Walking heart rate significantly increased for the bilateral group between the 6 and 9 mo visits, likely because of the significant increase in walking speed between these visits. Interestingly, there was a significant decrease in walking heart rate in this group between the 9 and 12 mo visits, despite a significant increase in walking speed likely indicating improvements in physical fitness and walking function during rehabilitation. However, walking energy expenditure was statistically higher for participants with bilateral amputations relative to controls despite walking statistically slower, supporting previous literature that demonstrates increased energy expenditure is required when walking after bilateral lower-limb amputation [41] [42] .
This study only evaluated body composition during the first year after amputation, during which all servicemembers with amputations were actively engaged in rehabilitation. The changes we found may only be a trend, and data collected years following the completion of rehabilitation will better illustrate whether there is a potential for increased cardiovascular and metabolic concern for these patients. Future research may include a validated and reliable diet recall, which would assist in understanding the increase in fat mass not solely due to decreased exercise.
LIMITATIONS
A limitation to the study is the small sample size. The dropout rate affected power to detect significant difference. Moreover, unilateral and bilateral participants may have had a difference of only 3 mo instead of 6 mo between baseline and follow-up visits because of baseline measurements occurring up to 12 wk postamputation. Additionally, we disclosed the results of the baseline DXA scan to all participants, which may have influenced results at the 6 mo visit. Some participants noted that they did not like the results because it reminded them they had lost muscle mass or gained more fat than they would have liked, which they said motivated them to work harder. Also, we believe that some subjects did not return for follow-up visits because they did not like receiving the results of the scans. This disclosure may have contributed to the lack of significance in our study and the differences in results compared with other studies; however, the results were disclosed to all participants so comparisons between groups are valid. Finally, patients at this military facility receive prolonged rehabilitation when compared with civilian facilities. The patients were Active Duty servicemembers at the time of their injuries, so their care continues until they are able to return to duty or are medically discharged from the military. All participants in this study were still receiving care at the time of study completion, which is likely a longer rehabilitation program than patients outside this and other military facilities. Therefore, effect in body composition noted in participants undergoing more than 1 yr of rehabilitation may not be generalizable to those receiving shorter durations of rehabilitation.
CONCLUSIONS
This study examined body composition and metabolic changes during the first year following unilateral and bilateral lower-limb traumatic amputation in military servicemembers. Weight gain was observed in both groups, with significant increases in fat and lean mass noted among the unilateral group in the first 9 mo postamputation. However, abdominal adiposity and increased BMI may increase risk for future development of cardiovascular disease and metabolic syndrome, similar to results found by other long-term studies of individuals with amputations. Future research should assess factors such as dietary intake and physical activity to better understand possibilities for intervention in this population.
